Abstract : We propose to validate regional solutions consisting of 2° surface tiles of surface 8 mass concentration over South America (90°W-30°W; 60°S-20°N) computed using accurate Level-1 GRACE measurements, by confronting them to other GRACE products (i.e., global
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Introduction 26 27
Continental water storage is a key component of the global hydrological cycle which plays a 28 major role in the Earth's climate system that controls over water, energy and biogeochemical 29 fluxes. In spite of its importance, the total continental water storage is not well-known at regional 30 and global scales because of the disparity of in situ observations and systematic monitoring of the 
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The Gravity Recovery and Climate Experiment (GRACE) mission provides a global mapping of and aliasing errors. Our regional approach consists of determining water mass variations over juxtaposed 98 surface elements in a given continental region from GRACE residuals potential differences anomalies, in 99 terms of equivalent-water heights. According to the energy integral approach, these latter along-track 100 anomalies correspond mainly to the contribution of the continental hydrology to the gravity field changes 101 measured by GRACE, they are obtained from KBR range velocities differences between the two GRACE 102 satellites after a priori (i.e., de-aliasing) corrections of mass variations ocurring in the oceans and the 103 atmosphere, are made by pre-processing of GRACE observations. By assuming the conservation of 104 energy along the GRACE groundtracks, it consists of recovering equivalent-water thicknesses of 105 juxtaposed 2 by 2-degree geographical tiles by inverting GRACE inter-satellite KBR Range
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(KBRR) residuals (see . These KBRR residuals were obtained by the region itself by construction (i.e., < 6500 -8000 km, or equivalently harmonic degrees less 122 than 5-6 for South America). Numerical estimations show us that the predicted regional solutions 123 need to be completed by long wavelength components before being compared with other data 124 sets, when the geographical region is not large enough to contain these long gravity undulations.
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Over South America, we complemented each regional solution with short and medium 126 wavelengths up to degree 5 from the corresponding GRGS solution (for more details see 
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where R e is the mean radius of the Earth (6378 km) and Δ and Δφ are the grid steps in longitude and latitude respectively (generally Δ =Δφ). 2003-2010, after removal of the dominant seasonal amplitude using a 13-month sliding window.
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The sum of the explained variances (σ²) of the four first PCA modes represents 0.87 for the 215 regional, 0.82 for the ICA-GFZ-400km (0.83 for both ICA-CSR-400km and ICA-JPL-400km),
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and 0.92 for the GRGS solutions ( Table 2 ). The explained variance by a mode corresponds to the 217 variance in the dataset explained by a PC, the sum of the variances or total variance equals 100%.
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Most of the seasonally corrected signal present in the GRACE-derived land water solutions is 219 mostly concentrated in these four modes that will be analyzed in detail in the following.
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The resulting 4 first modes are respectively presented in Fig. 2 
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-R (regional; GRGS) > 0.23), except for the fourth mode. The major difference between the regional respectively) but with a lower intensity. The presence of these stripes account for the lower 232 agreement between the 1 st mode of GRGS and regional (but also ICA) solutions (Table 3) . 2d). These hydrological structures are better concentrated on the regional (Fig. 2a) than on the 286 global spherical harmonics solutions (Fig. 2b and c) occurs later (April-May) in the regional solutions, close to the flood peak in the Amazon basin.
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Comparisons to in situ gauges highly (anti)correlated to mode 1 are presented in Fig. 3b and 303 (Table 5 ). The zero time-lag corresponds to the region of maximum of signal located between 316 Jatuarana and Obidos (see Fig. 1 ), in the centre of the downstream Amazon along its mainstem.
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The opposition of phase between the hydrological signals in the Orinoco and the Amazon basins 318 clearly appears in the time lags for Obidos and Ciudad Bolivar in the regional and ICA solutions. 
Third mode of variability
358
The spatial component of the third PCA mode is presented in Fig. 6a -c for regional (σ²=0.13),
359
ICA (σ²=0.14), and GRGS (σ²=0.1) land water solutions respectively ( Table 2) . As for mode 2, a 360 better agreement is found between regional and ICA solutions than between regional and GRGS 361 solutions, with correlation coefficients equal to 0.69 and 0.46 respectively (Table 3 ). The maxima 362 in the regional (Fig. 6a) and ICA (Fig. 6b) Plata (Chapeton and Pepiri Mini), for the regional and ICA solutions. However, the temporal 375 mode for the GRGS solutions is not correlated to in situ records (Table 5) . The spatial component of the fourth PCA mode is presented in Fig. 8a -c for regional (σ²=0.11),
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ICA (σ²=0.1), and GRGS (σ²=0.08) land water solutions respectively (Table 2) . Correlation is 379 much higher between regional and GRGS solutions (R=0.86) than between regional and ICA 380 solutions (R=0.46) ( Table 3) . North-south stripes clearly appear for the ICA solutions (Fig. 8b ).
381
Patterns of TWS seem to be related to the spatial distribution of groundwater recharge from 382 WHYMAP (Fig. 8d ). Positive and negative extrema of TWS are located over regions where were found in the Amazon basin with one month of delay between TWS and discharge (Table 6) . between TWS and discharge remains high (R~0.7 except for the ICA solutions with R~0.6 and 447 R>0.75 except for the ICA solutions with R~0.6 respectively), however the time shift is negative:
448 maximum of discharge occurs one or two months before the maximum of TWS (Table 6 ). In the Frappart, F., Papa, F., Güntner, A., Werth, S., Santos da Silva, J., Seyler, F., Prigent, C., Rossow, Klees, R., Liu, X., Wittwer, T., Gunter, B.C., Revtova, E.A., Tenzer, R., Ditmar, P., Winsemius, Table 3 : Correlation between the spatial component of the different GRACE solutions (regional,
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ICA-CSR-400km, and GRGS) for each PCA mode. 
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